Introduction
Early risk stratification is recommended in daily clinical practice for predicting prognosis in patients presenting with ST-segment elevation (STE) myocardial infarction (MI). Elevated leukocyte and neutrophil counts and decreased lymphocyte counts have been associated with adverse cardiac events after primary percutaneous coronary intervention (PCI) in Copyright©2017 Japan Atherosclerosis Society This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.
infarct size and clinical outcomes. We designed the present study to examine the prognostic value of ELR in patients who presented with STEMI and underwent primary PCI.
Methods

Data Collection and Follow-Up
We retrospectively analyzed data from 360 consecutive patients who underwent PCI for STEMI at Hokkaido Cardiovascular Hospital between January 2009 and March 2015. Patients were followed-up for one year. We excluded patients who a) presented with infections, allergic diseases, or malignancies; b) were referred to our hospital over 48 h after the onset of STEMI; or c) died within 24 h after hospital admission. Primary PCI was performed using standard techniques. The use of thrombectomy devices, intravascular ultrasound, pre-dilatation, stent choice, post-dilatation, and the initiation of intra-arterial balloon pump or percutaneous cardiopulmonary support were at the operators' discretion.
Park et al. suggested that because of delayed response of the patient to the extent of STEMI, the initial leukocyte count obtained in the emergency department might not reliably reflect the inflammatory status 3) . They found that in patients presenting with STEMI, the leukocyte count 24 h after hospital admission is more likely to reflect the severity of inflammation than the leukocyte count at the time of hospital admission. Therefore, in the present study, we chose the 24-h leukocyte count as a predictor of prognosis in STEMI patients who underwent PCI. ELR was calculated as the ratio of the number of eosinophils to the number of leukocytes 24 h after hospital admission. In addition, we evaluated the data from patients presenting with stable angina pectoris (SAP) during the study period. The left ventricular (LV) ejection fraction (EF) was based on measurements of the LV end-diastolic and end-systolic volumes in the apical 4-and 2-chamber views using the modified Simpson method. Informed consent was obtained from patients or their relatives before PCI. The present study protocol was approved by the research ethics committee of the Hokkaido Cardiovascular Hospital.
Study Endpoints and Definitions
Primary endpoints of the present study were major adverse cardiac events (MACEs) at one year defined as death, Q-wave MI, and the need for target lesion revascularization (TLR) or target vessel revascularization (TVR) by coronary artery bypass graft or repeat PCI. Angiographic restenosis was defined as a 50% diameter stenosis of the target lesion on follow-up angiography. Secondary endpoints were inhospital mortality and complications, and LVEF. Diabetes mellitus was defined as a) a ≥ 126 mg/dL fasting plasma glucose level, b) a ≥ 200 mg/dL fasting plasma glucose level 2 h after an oral glucose load, c) a ≥ 6.5% plasma hemoglobin A1c, or d) the prescription of insulin or an oral hypoglycemic agent. Hypertension was defined as a ≥ 140 mmHg systolic or ≥ 90 mmHg diastolic blood pressure or by the prescription of an antihypertensive drug. Dyslipidemia was defined as a ≥ 220 mg/dL total or ≥ 140 mg/dL low-density lipoprotein cholesterol, 40 mg/dL high-density lipoprotein cholesterol, ≥ 150 mg/dL triglyceride, or the prescription of a blood lipid-lowering drug. Chronic kidney disease (CKD) was defined by an estimated glomerular filtration rate 60 mL/min/1.73 m
2
. Peak creatine kinase (CK) and peak CK-myocardial band (CK-MB), leukocyte count, neutrophil to lymphocyte ratio, and ELR were measured 24 h after hospital admission.
Statistical Analysis
Data were expressed as the mean standard deviation. Between-group differences were analyzed using the Pearson chi-square test or Fisher exact test for categorical variables and the Student t-test or MannWhitney U test for continuous variables as appropriate. Receiver-operating characteristic (ROC) curves were constructed to identify the optimal predictor of clinical endpoints. Incidences of clinical events were expressed as Kaplan-Meier estimates and they were compared using the log-rank test. Uni-and multivariate logistic regression analyses were performed to identify the independent predictors of MACEs at one year. Uni-and multivariate logistic regression models including predictors of MACEs identified via univariate analysis were used to define the risk of MACEs. Odds ratio (OR) and 95% confidence interval (CI) were calculated to confirm the significance of between-group differences. A value of p 0.05 was considered statistically significant. All statistical analyses were performed using the SPSS software version 22.0 (IBM Corporation, Armonk, NY).
Results
Patients and Clinical Characteristics
Among 360 patients who underwent PCI for STEMI, we excluded 13 patients from the analysis because of inflammatory or allergic diseases, six patients because they were admitted 48 h after the onset of STEMI, five patients because they died within 24 h after hospital admission, two patients because of missing data at 24 h after admission, two patients because they had active cancers, and one patient because he presented with a spontaneous coronary artery dissection that was pathophysiologically different from a typical STEMI. The final patient population included 331 patients with STEMI who underwent PCI (Fig. 1) .
MACEs developed in 68 patients (20.5%) including cardiac deaths in 31 (9.4%), MI in five (1.5%), and TLR or TVR in 34 (10.3%) patients. The baseline patient characteristics are listed in (Fig. 2) . Similarly, a ROC curve was constructed to determine the best cut-off value for peak CK-MB that predicted the primary study endpoint. The best cutoff value for peak CK-MB was calculated as ≥ 189 with sensitivity, specificity, and positive and negative predictive values of 68, 57, 29, and 87%, respectively, and a diagnostic accuracy of 59%. The ELR of patients with peak CK-MB ≥ 189 IU/L was significantly lower than that of patients with peak CK-MB 189 IU/L (0.13 0.28 vs. 0.71 0.76; p 0.001). Patients with 24-h ELRs 0.1 were older, more likely to be women and less likely to be hypertensive, more often suffered from CKD or underwent bare metal stent implantation or simple balloon angioplasty, had lower LVEFs; and higher peak CK, peak CK-MB, leukocyte count, and neutrophil to lymphocyte ratios than patients with 24-h ELRs ≥ 0.1 ( Table 2) .
Incidence of MACEs in the ELR 0.1 versus ELR ≥ 0.1 groups
Kaplan-Meier survival analysis ( Fig. 3A) showed that patients with 24-h ELRs 0.1 had significantly higher incidence of MACEs than patients with 24-h ELR ≥ 0.1 (32.4% vs. 11.6%, respectively; p 0.001). On day 30 after PCI ( Fig. 3B) , patients with 24-h ELRs 0.1 had significantly higher MACE incidence rates than patients with ELRs ≥ 0.1 (16.9% vs. 1.1%, respectively; p 0.001). However, beyond 30 days, the outcomes were similar (15.5% vs. 10.6%, respectively; p 0.184) in both groups (Fig. 3C ).
Independent Predictors of MACEs in Patients with Acute Myocardial Infarction after PCI
Uni-and multivariate logistic regression analyses were performed to identify independent predictors of Table 3 ). An ELR 0.1 was associated with the risk of MACEs (OR 0.38; 95% CI, 0.22-0.67; p 0.001). (84) 82 (31) 158 (60) 10 (4) 58 (50) 2.4 1.1 36 (14) 28 (11) 2 (1) 17 (6) 40 (15) 42 (16) 32 (12) 18 (7) 
Fig. 2. Diagnostic characteristics of eosinophil to leukocyte ratio (ELR) for the prediction of clinical outcomes
A receiver-operating characteristic (ROC) curve analysis was performed to determine the best cut-off ELR value for predicting the primary endpoints. The best cut-off ELR value was calculated as 0.1. The area under the ROC curve was 0.68 and the sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy were 68%, 64%, 32%, 88%, and 64%, respectively. (14) 23 (12) 1 (1) Instead of ELR, we included the LVEF, peak CK, peak CK-MB, leukocyte count, and neutrophil to lymphocyte ratio in the multivariate model and found that the peak CK, peak CK-MB, leukocyte count, and neutrophil to lymphocyte ratio were also significant predictors of MACEs ( Table 3) .
Rates of Cardiac Death, TLR or TVR, and MI according to ELR
The incidence of cardiac death in patients with 24-h ELRs 0.1 was significantly higher than that in patients with 24-h ELRs ≥ 0.1 (19.7% vs. 1.6%, respectively; p 0.001). However, the rates of MI (2.8 vs. 0.5%; p 0.217) and TLR or TVR (10.6 vs. 10.1%; p 0.880), were similar in both groups. Congestive heart failure (CHF) was the cause of cardiac death in 25 patients, cardiac ruptures (two ventricular septal perforations and three LV free wall ruptures) in five patients, and ventricular fibrillation (VF) in one patient. Death incidences due to CHF (15.5% in 22 patients vs. 1.6% in 3 patients) and cardiac rupture (3.5% in five patients vs. 0% in 0 patients) were significantly higher in patients with 24-h ELRs 0.1 compared to patients with 24-h ELRs ≥ 0.1 (p 0.001 and p 0.032, respectively; Fig. 4A and 4B) . The incidence of VF (n 1; 0.7% vs. n 0; 0%; p 0.886) was similar in both groups.
ELR 0.1 and Secondary Clinical Endpoints
The secondary clinical endpoints are shown in Fig. 5 . In-hospital deaths occurred in 23 patients, including 17 deaths due to CHF, five due to cardiac ruptures, and one due to VF. In-hospital mortality (Fig. 5A) was significantly higher among patients with 24-h ELRs 0.1 compared to patients with 24-h ELRs ≥ 0.1 (15.5% vs. 0.7%, p 0.001). In-hospital complications occurred in 117 patients. The rate of in-hospital complications (Fig. 5B) was significantly higher in patients with 24-h ELRs 0.1 than in patients with 24-h ELRs ≥ 0.1 (55.6% vs. 20.1%, p 0.001). The in-hospital complications observed are listed in Table 4 . The incidences of cardiogenic shock (28.2% vs. 9.0%; p 0.001), CHF (31.7% vs. 6.9%; p 0.001), continuous hemofiltration (8.5% vs. 1.1%, p 0.002), tracheal intubation (5.6% vs. 1.1%, p 0.037), sustained ventricular tachycardia (VT) or VF (12.0% vs. 4.2%, p 0.008), and blood transfusion (5.6% vs. 0.0%, p 0.003) were significantly higher in patients with 24-h ELRs 0.1 than in patients with 24-h ELRs ≥ 0.1, respectively. LVEF (Fig. 5C, Table 2 ) was significantly lower in patients with a 24-h ELRs 0.1 than in patients with 24-h ELRs ≥ 0.1 (49.8 12.3% vs. 56.2 9.5%, respectively; p 0.001).
ELR in Patients Presenting with STEMI versus Patients with Stable Angina Pectoris
During the present study, 1,461 patients presenting with SAP underwent PCI, of whom 1,276 patients free from inflammatory or allergic diseases or cancers were included in the analyses. Mean ELR (Supplementary Fig. 1 ) was significantly lower in patients with STEMI than in patients presenting with SAP (0.4 0.7% vs. 3.8 3.2%, respectively; p 0.001).
Discussion
The main observations of the present study were 1) in patients presenting with STEMI, 24-h ELR, CKD, peak CK, peak CK-MB, leukocyte count, and neutrophil to lymphocyte ratio were independent predictors of MACEs at one-year after PCI; 2) the incidence of MACE at one year was higher in patients with 24-h ELRs 0.1 than in patients with 24-h ELRs ≥ 0.1, mainly attributable to the higher 30-day death rates due to CHF; and 3) consistent with larger infarct sizes, the peak CK and CK-MB were higher and the LVEF was lower in patients with 24-h ELR 0.1 than in patients with 24-h ELRs ≥ 0.1. The present study adds an important clinical factor to the list of hematological predictors of outcome after PCI in patients presenting with STEMI.
Relationship between ELR and Cardiac Enzyme Concentration
After performing PCI in patients with STEMI, A. The incidence of death due to CHF was significantly higher in patients with ELRs 0.1 than in patients with ELRs ≥ 0.1 (p 0.001). CHF: congestive heart failure. B. The incidence of death due to cardiac rupture was significantly higher in patients with ELRs 0.1 than in patients with ELRs ≥ 0.1 (p 0.032). A. In-hospital mortality was significantly higher in patients with ELRs 0.1 than in patients with ELRs ≥ 0.1. B. In-hospital complication rate was significantly higher in patients with ELRs 0.1 than in patients with ELRs ≥ 0.1. C. Mean LVEF was significantly lower in patients with ELRs 0.1 than in patients with ELRs ≥ 0.1. See text for details of individual measurements early risk stratification is of utmost importance in the prevention of adverse cardiac events. Several recent studies have shown that the leukocyte profile in patients with acute MI is related to prognosis 3, 4, 10-13) . Jiang et al. found that the peripheral eosinophil counts were lowest in patients presenting with the largest acute MIs. They observed that patients who presented with troponin I ≥ 20 ng/mL had significantly lower ELRs than patients who presented with troponin I 20 ng/mL. In the present study, the ELR of patients with peak CK-MB ≥ 189 IU/L was significantly lower than that of patients with peak CK-MB 189 IU/l. This result appears to be consistent with the results reported by Jiang et al.
Decreased ELR Reflecting a Large Infarct Size
The higher one-year cardiac death incidence, and in-hospital mortality and complications in patients with 24-h ELRs 0.1 might be explained by a larger infarct size compared to that of patients with 24-h ELRs ≥ 0.1. In the present study, LVEF was lower and peak CK and peak CK-MB were higher in patients with 24-h ELRs 0.1 than in patients with 24-h ELRs ≥ 0.1. An impaired LV function after MI is consistent with a large infarcted area and it is associated with the development of adverse cardiac events 14) . Peak CK and CK-MB are well-known enzymatic markers of infarct size and important predictors of one-year mortality in patients with STEMI 15, 16) . Sustained VT and VF are more likely to develop in patients with extensive myocardial injuries 17, 18) . Therefore, higher prevalences of cardiogenic shock, CHF, and sustained VT and VF were expected in patients with 24-h ELRs 0.1, who had larger myocardial infarctions and higher in-hospital and one-year cardiac mortalities compared to patients with 24-h ELRs ≥ 0.1, mainly attributable to CHF.
Mechanisms of Decreased ELR in STEMI
In patients presenting with STEMI, a decrease in peripheral circulating eosinophils has recently been reported (Supplementary Fig. 1 ) 19) . At least three mechanisms might explain the reduction in ELR in patients presenting with STEMI:
Eosinophil Adherence to Coronary Thrombi
Because eosinophils may aggregate to form coronary thrombi in STEMI, their numbers are reduced in the peripheral circulation. A relationship between eosinophils and increased risk of thrombosis was confirmed in patients presenting with hypereosinophilic syndrome [20] [21] [22] . The activity of circulating eosinophils on the endothelium is mediated primarily by P-selectin, while that of the neutrophils is mediated primarily by E-selectin 23, 24) . In patients with acute MI, P-selectin concentrations have been measured to be higher in the infarcted coronary artery than in the circulation 25) . Some studies have suggested that eosinophils and their by-products affect the evolution of MI adversely. Eosinophils play an important role in the initiation of thrombosis, with platelets adhering to the injured intravascular wall 26) . Tissue factor is released upon degranulation of the eosinophils and is crucial in the initiation of blood coagulation 27, 28) . The eosinophil granule proteins, particularly major basic proteins, may contribute to hypercoagulation by inhibiting the thrombomodulin function 29, 30) . The serum concentrations of cortisol predict the infarct size and patient mortality. Sakai et al. examined the histopathology of aspirated thrombi obtained from patients with acute coronary syndrome and showed that the largest red thrombi were observed in the group with the greatest eosinophilic infiltration into thrombi 31) . The concentration of plasma IL-5, which stimulates the release of eosinophils from the bone marrow 32) , was significantly elevated in patients with acute MI 26) . The half-life of eosinophils in vivo ranges between 8 and 18 h 33) , although IL-5 and IL-3 prolong the survival of eosinophils 34, 35) . Therefore, within 24-h after the onset of STEMI, the peripheral counts of eosinophils may remain low due to the aggregation of eosinophils within thrombi until the cells are fully released from the bone marrow into the peripheral circulation to recover their original concentrations.
Increased Cortisol Concentrations
A second potential mechanism is an increase in the cortisol concentration caused by an acute stress response to STEMI, which might lower the peripheral eosinophil counts 36) . Bain et al. observed that the mean serum cortisol concentrations were significantly higher in patients with MI than in patients with angina pectoris, both at the time of admission to the hospital and on the next day 37) . Furthermore, in patients presenting with MI, high cortisol concentrations have been associated with poor prognosis 37, 38) . In response to STEMI, the majority of eosinophils tend to migrate to tissues such as the spleen, lymph nodes, peritoneum, gastrointestinal tract, thymus, mammary glands, and uterus [39] [40] [41] [42] .
Eosinophil Aggregation at the Site of Inflammation
The third putative mechanism is the migration of peripheral eosinophils to the site of inflammation. In acute, non-infectious inflammatory stimulation, a reduction in eosinophil counts has been observed, which persisted for several days 42) . Since the rupture of atherosclerotic plaques in STEMI is associated with inflammation, some of the eosinophils might adhere to the intravascular plaques and thrombi 43, 44) . The infiltration of eosinophils into the infarcted myocardium occurs during the acute phase of MI 45, 46) , although the presence of eosinophils has been observed in only 24% of the infarcts 45) . Therefore, by compared ELR in STEMI to SAP ( Supplementary  Fig. 1 ), one might hypothesize that the circulating eosinophils in the acute phase of STEMI migrate to the coronary thrombi, infarcted myocardium, or other organs such as the spleen, lymph nodes, and peritoneum owing to an increased secretion of cortisol.
Eosinopenia and Cardiac Rupture
Peripheral eosinopenia may be a predictor of cardiac rupture. Miyazato et al. reported a case of eosinophil infiltration in a patient who died of ruptured myocardium after acute MI 47) . Similarly, Atkinson et al. observed significantly higher numbers of eosinophils in ruptured hearts than in control infarcted hearts 48) . Eosinophils are potentially collagenolytic and cytotoxic. Their granules contain a variety of substances including a collagenase that cleaves type and collagens, peroxidase, major basic protein, acid phosphatase, alkaline phosphatase, aryl sulphatase B that can degrade some glycosaminoglycans and proteoglycans, ribonuclease, and -glucuronidase 49, 50) . Major basic protein is cytotoxic and it is associated with myocyte injury 48) . Since the specific activity of arylsulfatase B is augmented by acidic conditions, the non-reperfused myocardium accompanied by eosinophil infiltration is susceptible to rupture owing to tissue vulnerability 51) . An eosinophil contains 2.65 times as much peroxidase, 2.44 times as much -glucuronidase, and approximately twice as much acid -glycerophosphatase as a neutrophil 52) . In a previous study of eosinophilic myocarditis, eosinophil granule components were detected within degraded collagen 53) . In the present study, patients with 24-h ELRs 0.1 had significantly higher risks of cardiac rupture than patients with 24-h ELRs ≥ 0.1 (Fig. 4B) . This observation and those of previous studies support the hypothesis that eosinophils in the peripheral circulation are targeting severely necrotic myocardium, causing further tissue vulnerability. Therefore, the reduction in peripheral eosinophil counts might be more prominent in patients with STEMI complicated by cardiac rupture than in patients without cardiac ruptures. Such high-risk patients should receive more intensive management of blood pressure, including the administration of angiotensin-converting enzyme inhibitors and -adrenergic blockers, and they should avoid strenuous cardiac rehabilitation that increases the blood pressure.
The ideal marker of mortality should be easily and rapidly measurable, inexpensive, correlate with the severity of prognosis, and predict mortality in the coronary care unit. To the best of our knowledge, the present study is the first to examine whether eosinopenia predicts MACEs after PCI in patients presenting with STEMI, suggesting that ELR is indeed one of the reliable and inexpensive monitoring tools for patients at high risk for MACEs. Early identification of eosinopenia might aid the caregivers in their initial decision-making process, and help identifying patients in need of vigorous diagnostic and therapeutic interventions.
Limitations of the Present Study
The present retrospective, observational study, conducted at a single medical center had a small sample size. The reported findings should be confirmed in a larger prospective multicenter study. Furthermore, because we excluded patients who died within the first 24 h after hospital admission, the data of a few critically ill patients might have been omitted. Irrespective of these limitations, the findings of the present study demonstrated that after PCI for STEMI, eosinopenia is a reliable predictor of higher MACE risk. ELR should contribute to the prevention of MACE through identification of patients with eosinopenia who should receive intensive medical management.
Conclusion
ELR measured 24 h after hospital admission was an independent predictor of MACEs in patients with STEMI who underwent primary PCI.
